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Current and proposed e f f i c i e n t  uses  of coa l  involve  t h e  i n t e r a c t i o n  o f  f l u i d  
This  s tudy d e a l s  wi th  t h e  mode of i n t e r a c t i o n  of phases with coa l  o r  coa l  c h a r s .  

gases  with coa l  from t h e  s tandpoin t  of ana lyses  r e l a t e d  t o  t h e  s t r u c t u r e  o f  c o a l  and 
impl ica t ions  p e r t i n e n t  t o  mechanisms of f l u i d  phase r e a c t i d n s .  
subs tance  and it is d i f f i c u l t  t o  d e f i n e  i t s  s t r u c t u r e . . . .  The fundamental chemistry 
of coa l  l i q u e f a c t i o n  w i l l  probably remain poorly understood u n t i l  c o a l  s t r u c t u r e  i s  
b e t t e r  def ined ." ( l )  There is cons iderable  e f f o r t  t o  d e f i n e  t h i s  s t r u c t u r e  i n  terms 
of i n t e r n a l  s u r f a c e  a r e a  and microporosi ty  i n  s t u d i e s  o f  vapor (2) (3) ( 4 )  and 
l i q u i d  (5) i n t e r a c t i o n s .  Microgravimetr ic  s o r p t i o n  equipment and techniques (6)  have 
been used to  e l a b o r a t e  t h e  thermodynamics and k i n e t i c s  descr ibed  i n  t h i s  t e x t .  The 
c o a l ,  h igh-vola t i le  A-bituminous I l l i n o i s  No. 6 ,  w a s  ob ta ined  a t  t h e  mine f a c e  and 
s t o r e d  i n  argon p r i o r  t o  g r i n d i n g  (< 200 mesh) i n  argon.  

Sorpt ion-desorpt ion isotherms are given i n  F igures  1-3 f o r  (a)  N2 [ c l a s s i c a l  
vapor f o r  s u r f a c e  area d e t e r m i n a t i o n s ] , ( 7 )  (b) CO2 [ o f t e n  suggested as a means of 
determining t h e  " e f f e c t i v e  a rea"  of c o a l ] , ( 2 )  and ( c )  H20 [of i n t e r e s t  because of i t s  
inherent  content i n  coa l  and its p o t e n t i a l  use as a r e a c t a n t  a t  e leva ted  temperatures] .  
Classical BET (7) a n a l y s e s  o f  t h e  d a t a  i n d i c a t e  a marked d i s p a r i t y  i n  t h e  apparent  
s p e c i f i c  surface a r e a  of t h i s  coa l :  2 .8 ,  128, and 68.2 m2/gm f o r  N 2 ,  CO2, and H20 
respec t ive ly .  (The Ng v a l u e  is c o n s i s t e n t  w i t h  t h e  predominant 1-10 u m  s i z e  d i s t r i -  
bu t ion  observed microscopica l ly . )  
by d i p o l a r  and London f o r c e s "  as noted in r e l a t e d  s t u d i e s . ( 5 )  

"Coal i s  a n  amorphous 

These va lues  vary markedly and seem to  be "dominated 

A l t e r n a t e  ana lyses  of  t h e  isotherms can be performed i n  terms of t h e  s o r p t i o n  
p o t e n t i a l :  E = - RT En P/Po (Polyani ,  c i r c a  1914). ( 8 )  Various r e l a t i o n s h i p s  between 
t h i s  quant i ty  and t h e  s o r b a t e  concent ra t ion ,  r ,  have been used.(8) 

I n  terms of t h e  chemical  (9)  and phys ica l  s t r u c t u r e  (10) of  c o a l  [polynuclear  
aromatic  r i n g s  w i t h  methylenic  l i n k a g e s  wi th  numerous p o l a r  f u n c t i o n a l  groups, o r ien ted  
t o  some e x t e n t  i n  p a r a l l e l  l a y e r s ]  one can r e a d i l y  e n v i s i o n  t h e  e n e r g e t i c s  of t h e  
s o r p t i o n  process t o  fo l low a d i s t r i b u t i o n  of t h e  type  (11) ( 1 2 )  E = E' e-ar. 
were t o  view the  s u b s t r a t e  as a y i e l d i n g  "sof t"  e l e c t r o n i c  s t r u c t u r e  (ex tens ive  p i  bond 
network w i t h  the  p o l a r  e n t i t i e s  r a t h e r  randomly d i s t r i b u t e d ) ,  w e  would a n t i c i p a t e  con- 
s i d e r a b l e  e n e r g e t i c  ( e l e c t r o n i c )  p e r t u r b a t i o n  by t h e  s o r p t i o n  processes .  Then a 
d i s t r i b u t i o n  l i k e  t h a t  above would b e  expected t o  apply .  
image f o r c e s  induced i n  t h e  mobile e l e c t r o n s  when s o r p t i o n  occurs  on m e t a l s . ( l 3 )  
Our experimental r e s u l t s  fo l low the  t rends  i n h e r e n t  i n  t h i s  model f o r  each of the  
gases .  The d a t a  f o r  water  is shown i n  F igure  4 .  Many have a t t r i b u t e d  t h e  v a r i a t i o n  
of s o r p t i o n  c a p a c i t y  t o  temperature  e f f e c t s  on t h e  d i f f u s i o n  r a t e  by v i r t u e  of very 
l a r g e  a c t i v a t i o n  energy f o r  d i f f u s i o n  i n t o  t h e  c o a l  m a t r i x . ( l 4 )  Our k i n e t i c  r e s u l t s  
were n o t  amenable t o  i n t e r p r e t a t i o n  i n  terms of d i f f u s i o n  mechanisms. However good 
adherence to  a mass a c t i o n  second order  (15) w a s  noted.  
F igure  5 f o r  one incremental  p r e s s u r e  change employed in t h e  c o n s t r u c t i o n  of t h e  
water  isotherm. One should n o t e  t h a t  t h i s  d a t a  was obta ined  under i s o b a r i c ,  con- 
t r o l l e d  pressure,  c o n d i t i o n s  (+O.OOOl Po) f o r  t h e  t i m e  requi red  t o  e v a l u a t e  t h e  
s teady  s t a t e  condi t ion  a t  each chosen pressure .  

I f  w e  

Such a model i s  a k i n  to  t h e  

An example is given i n  

The technique and eva lua t ion  
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procedures  are o u t l i n e d  elsewhere.( l6)  Carbon d ioxide  r e s u l t s  were more complex and 
ind ica ted  t h a t  t h e r e  were two second order  processes  i n  p lay .  

With such assurance t h a t  we are d e a l i n g  wi th  s t e a d y  s t a t e  condi t ions ,  based on 
t h i s  k i n e t i c  c o n t i n u i t y  and a c c o u n t a b i l i t y ,  w e  can c o n f i d e n t l y  a t t r i b u t e  t h e  desorp t ion  
r e t e n t i o n  t o  s t r u c t u r a l  changes induced i n  t h e  c o a l  matr ix .  
removed i n  vacuo [10-10 Po] a l b e i t  q u i t e  s lowly [24+ hours] .  
a r i s e  i f  trace amounts of  a second vapor, i .e.,  H20 i n  N 2 ,  were adsorbed. 
employed 99.9995% N2 and have n o t  noted t h e  r e t e n t i o n  phenomena on r i g i d  s u b s t r a t e s  
i n  t h i s  microgravimetr ic  system. 
t h e r e  i s  a "change i n  ' s t r u c t u r a l '  arrangement i n  t h e  molecular  network".(17) 

This  r e t e n t i o n  i s  t o t a l l y  
Such behavior  could 

We have 

Many r e l a t e d  systems show a similar r e t e n t i o n  where 

We can ga in  f u r t h e r  i n s i g h t  i n t o  the  process  i n  terms of t h e  molecular  proper- 
t i e s  of t h e  s o r b a t e  molecules .  I f  t h e r e  a r e  induced e f f e c t s  i n  t h e  s u b s t r a t e ,  one 
would a n t i c i p a t e  t h e  magnitude of the  energy of i n t e r a c t i o n  t o  be p r o p o r t i o n a l  t o  
energy a r i s i n g  from t h e  in te rmolecular  f o r c e s  between two s o r b a t e  molecules  i n  the gas  
phase . ( l8)  There is good c o r r e l a t i o n  between the  d i s p e r s i o n  3 2 and e l e c t r o -  

s t a t i c  (--) energ ies  and t h e  6' term i n h e r e n t l y  eva lua ted  i n  our  t rea tment  of t h e  

s o r p t i o n  isotherms i n  t h e  form of F igure  4 .  The c o r r e l a t i o n  is shown i n  F igure  6 .  

(T a hy) 2 d  
3 kT 

These r e s u l t s  are t o  b e  c o n t r a s t e d  wi th  t h a t  p r e d i c t e d  f o r  s o r p t i o n  onto  a r i g i d  
("hard") e l e c t r o s t a t i c  f i e l d  (13) and noted exper imenta l ly  as a f i r s t  power r e l a t i o n  (19) 
i n  p o l a r i z a b i l i t y  (a) and second power i n  d i p o l e  moment (p)  . 

I n  l i g h t  of these  s t u d i e s  and t h e  marked swel l ing  p r o p e r t i e s  of c o a l ,  even on C02 
and CH4 s o r p t i o n , ( 2 0 )  w e  must ques t ion  the  e x i s t e n c e  of  a f i x e d  d e f i n a b l e  pore  s t r u c -  
t u r e  and/or i n t e r n a l  s u r f a c e  a r e a  of coa l .  
var ied  rank are warranted.  
marked s o r p t i o n  swel l ing  of c e l l u l o s i c  m a t e r i a l s  t o  t h e  i n t e r c a l a t i o n  phenomena 
noted f o r  g r a p h i t e . ( l 7 )  
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